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Abstract: We studied moist deciduous forests of Chhattisgarh, India (1) 
to assess the effect of four levels of historic wildland fire frequency (high, 
medium, low, and no-fire) on regeneration of seedlings in fire affected 
areas during pre and post-fire seasons, (2) to evaluate vegetation struc¬ 
ture and diversity by layer in the four fire frequency zones, (3) to evalu¬ 
ate the impact of fire frequency on the structure of economically impor¬ 
tant tree species of the region, and (4) to quantify fuel loads by fire fre¬ 
quency level. We classified fire-affected areas into high, medium, low, 
and no-fire frequency classes based on government records. Tree species 
were unevenly distributed across fire frequency categories. Shrub density 
was maximum in zones of high fire frequency and minimum in low- 
frequency and no-fire zones. Lower tree density after fires indicated that 
regeneration of seedlings was reduced by fire. The population structure 
in the high-frequency zone was comprised of seedlings of size class (A) 
and saplings of size class (B), represented by Diospyros melanoxylon, 
Dalbergia sissoo, Shorea robusta and Tectona grandis. Younger and 
older trees were more abundant for Tectona grandis and Dalbargia sis¬ 
soo after fire, whereas intermediate-aged trees were more abundant pre¬ 
fire, indicating that the latter age-class was thinned by the catastrophic 
effect of fire. The major contributing components of fuel load included 
duff litter and small woody branches and twigs on the forest floor. Total 
fuel load on the forest floor ranged from 2.2 to 3.38 Mg/ha. The net 
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change in fuel load was positive in high- and medium-frequency fire 
zones and negative under low- and no-fire zones. Repeated fires, how¬ 
ever, slowly reduced stand stability. An ecological approach is needed 
for fire management to restore the no-fire spatial and temporal structure 
of moist deciduous forests, their species composition and fuel loads. The 
management approach should incorporate participatory forest manage¬ 
ment. Use of controlled fire, fire lines and mapping of fire prone areas 
are fundamental principles of fire hazard reduction in these areas. 

Keywords: forest fire, diversity, fuel load, vegetation structure 

Introduction 

Forest fire is a driving factor in shaping forest vegetation and the 
landscape of the region (Schmerbeck and Hiremath 2007). It 
causes enormous losses to the forest ecosystem in terms of bio¬ 
diversity and economic wealth of villagers. About 55% of India’s 
67.5 million ha of forest cover is subjected to annual fires (Gubbi 
2003). Most are surface fires deliberately started by villagers 
seeking to improve their socio-economic conditions. The Forest 
Survey of India reported that around 50% of the forest areas are 
fire prone. The influence of fire on vegetation varies with the 
type and nature of the fire. Different vegetation types have vary¬ 
ing frequencies and intensities of fire. Interactions between 
climate, soil type and topography are all involved, as these 
features determine not only the vegetation type but also the 
likelihood of fire. 

Shifts in species composition in natural forests typically occur 
slowly under nonnal conditions (Swaine et al. 1987). But fire can 
reduce structural and biological complexity of forests (Schindele 
et al. 1989; Swamy et al. 2010). Generally forest fires have nega¬ 
tive impacts on plant diversity. Fire severity mainly depends on 
fuel loads of litter, dead and dying seedlings, herbs/shrubs and 
trees. The changes in quantity of litter on the forest floor can 
greatly influence the spread of fire. Other environmental factors 
such as atmospheric temperature, relative humidity, moisture 
content of litter, and wind speed and direction can also affect the 
severity of forest fire. Several studies have evaluated short-term 
impact of wild fire on vegetation. But relatively few studies (Co- 
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vington and Moore 1994; Arno et al. 1996; Ostlund et al. 1997; 
Homberg et al. 1999) have examined the long-term impact of 
wildland fire frequency on regeneration, vegetation structure, 
diversity and fuel load in moist deciduous forests. This study was 
undertaken (1) to assess the effect of wildland fire frequency on 
regeneration of seedlings in four categories of fire frequency 
(high, medium, low, and no-fire) during pre- and post-fire sea¬ 
sons; (2) to evaluate structure and diversity in different layers of 
vegetation in these four categories of fire frequency; (3) to de¬ 
scribe the impact of fire on the structure of economically impor¬ 
tant tree species of the region; and (4) to quantify fuel loads by 
fire frequency category. Our goal was to provide information to 
silviculturists and ecologists to enhance understanding of fire 
ecology for scientific forest management. 

Material and methods 

Study site 

The study was conducted in Achanakmar-Amarkantak biosphere 
reserve, Chhattisgarh, India. The reserve covered an area of 3836 
sq. km (Fig. 1). The Amarkantak is one among the important 
natural heritage sites of Chhattisgarh. It is well known for its rich, 


complex and diverse flora and fauna. The forest area represents 
tropical moist and dry deciduous vegetation. Champion and Seth 
(1968) classified the forests as Northern Tropical Moist Decidu¬ 
ous and Southern Diy Mixed Deciduous forests. The predomi¬ 
nant trees are Tectona grandis, Shorea robusta and various Ter- 
minalia sp. The study region experiences a typical monsoon 
climate, with three distinct seasons: summer from March - June, 
rainy from July - October and winter from November-February. 

Experimental design 

For the assessment of fire affected areas of Achanakmar- 
Amarkantak biosphere reserve, the coordinates of fire affected 
regions were provided by the National Remote Sensing Agency 
(NRSA) Hyderabad, India. Historical infonnation on fire occur¬ 
rence was compiled through local enquiry to quantify fire fre¬ 
quency on the fire-affected areas. Based on historic frequency of 
fire occurrence, we categorized fire-affected areas into four 
classes of fire frequency, viz. high, medium, low, and no-fire. 
We sampled vegetation in 20 quadrats in forest stands in each of 
these four classes before and after the fire season in 2009 and 
2010 to evaluate regeneration, understorey and overstorey vege¬ 
tation structure, diversity and composition. 



Fig. 1 : Location map of the Achanakmar-Amarkantak Biosphere Reserve, Chhattisgarh, India. 


Fire-affected areas were randomly located over the entire 
Achanakmar-Amarkantak biosphere reserve. We identified and 
counted all trees and saplings in 20 quadrats of 20 m X 20 m size 
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in each fire frequency class. The girth at breast height (GBH) of 
all trees and saplings in each quadrat were measured and re¬ 
corded. Trees >31.5 cm GBH were categorized as tree, those 10- 
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31.5 cm GBH as saplings, and those <10 cm GBH as seedlings. 
In each quadrat five sub-quadrats of 5 m X 5 m size were ran¬ 
domly selected for measurement of seedlings and shrubs. Simi¬ 
larly, within each sub-quadrat, a quadrat of 1 m X 1 m was laid 
for measuring herbs and litter during the pre-fire season (March- 
April). The boundary demarcations were properly made for post¬ 
fire sampling of the same plots and subplots. 

Vegetation data were quantitatively analysed for frequency, 
density, abundance (Curtis and McIntosh 1950). The relative 
frequency, relative density and relative basal area values were 
calculated following Phillips (1959). Relative frequency, relative 
density, and relative basal area values were summed to yield an 
Importance Value Index (IVI) for each species. 

Plant diversity analysis 

Plant diversity in different fire frequency zones was quantified 
by the following diversity indices. 

Shannon Index (Shannon & Weaver 1963) was used for species 
diversity: 

H' = 3.3219[log 10 TV-f^Mlog 10 Ni/N)\ (l) 

where, Ni was the total number of species i and N was the total 
number of all the species. The factor 3.3219 was used to convert 
the index value to log 2 . 

Concentration of dominance was measured by Simpson’s Index 
(Simpson 1949): 

Cd = (Ni/N) 2 (2) 

where, Ni and N were the same as explained above. 

Equitability (e) was calculated following Pielou (1966): 

e = H'/\nS (3) 

where, H'= Shannon index and S = the number of species. 

Species richness was calculated following Margalef (1958): 

d = S-1/lnN (4) 

where, S = total number of species, N= basal area of all species 
(nr-ha' 1 ). 

Beta diversity is often been used to indicate habitat variation 
with regarded to species composition and was calculated 
(Whitaker 1977). 

bd = Sc/S (5) 


where, Sc = total number of species in all sites and S = average 
species per site. 

The population structures were developed based on different 
tree girth classes. The total number of individuals belonging to 
these girth classes was calculated for each species on each site 
following Saxena and Singh (1984), Tripathi et al. (1991) and 
Jhariya et al, (2012). In addition to seedling (A) and sapling (B) 
classes, three more size classes (based on GBH) i.e., 31.5-70.0 
cm (C); 70.1-110.0 cm (D) and >110 cm (E) were arbitrarily 
established for each tree species. The total numbers of individu¬ 
als belonging to these size classes were calculated. 

For fuel load quantification, a sub-quadrat of lmxlm was 
laid in each fire frequency zone to sample during pre- and post¬ 
fire seasons. The total weight of litter (duff) and other small 
woody components which may be easily burned was estimated. 
The weights were then converted to Mg/ha. 

Results and discussion 

Ecologically important changes 

The density of trees across the fire affected zones ranged from 
250 to 335 trees-ha' 1 (Table 1). The density of trees in all fire 
affected zones was lower than the 633-1203 trees-ha' 1 reported 
by Singh et al. (2006) in the same forest type. The lower tree 
density might be attributed to the effect of fire on trees in the 
region. Other factors reducing tree density might have been bi¬ 
otic and abiotic factors, the true character of the forests, depend¬ 
ing on the degree of impact (Champion and Seth 1968). Tree 
basal area ranged from 12 to 20 nr-ha' 1 , it was highest in the no¬ 
fire zone. IVI values ranged from 5.69 to 43.53. The composition 
of the tree layer in the high-frequency fire zone during the pre¬ 
fire season revealed that IVI was highest for Ougeinia oojeinen- 
sis and lowest for Terminalia tomentosa. On the basis of IVI, the 
Ougeinia oojeinensis-Anogeissus latifolia association was recog¬ 
nized as the predominant plant community, while Lagerstroemia 
parviflora, Shorea robusta were codominants and the Pterocar- 
pus marsupium-Terminalia tomentosa plant community was 
suppressed. A/F ratio ranged from 0.02 to 0.35, indicating that 
most of the species showed contiguous distribution and some 
random distribution. Total individuals in the sapling layer of the 
high-frequency fire zone ranged from 10 to 13, at densities of 
130 to 215 saplings ha' 1 (Table 2A). The density of saplings was 
highest in the low-frequency fire zone while fewer saplings were 
recorded in high, medium and no-fire zones. Saccopetalum to- 
mentosum occurred at highest density and maximum frequency 
followed by Diospyros melanoxylon and L. parviflora. IVIs of 
saplings ranged from 8.44 to 63.31. The density of shrubs was 
maximum in the high-frequency fire zone and minimum in low- 
frequency and no-fire zones (Table 2B). In the low-frequency 
fire zone during the pre-fire season, the densities of Holarrhena 
an tidys enteric a and Ventilago maderaspatana were 160 and 80 
individuals/ha, respectively. A/F ratios ranged from 0.05 and 
0.10, indicating that most of the species showed contiguous dis- 
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tribution and few species showed random distribution. The high- the shrub species and resulted in sudden increase in population 

er density of shrubs in the high-frequency fire zone was possibly density (Rikhari and Bargali 1989). 

due to the fact that heat may stimulate the seed germination of 

Table 1. Species structure and composition of the tree layer by fire-frequency zone during pre-fire season of Achanakmar- Amarkantak Biosphere Re¬ 
serve. 


Species High Fire Zone Medium Fire Zone Low Fire Zone Non-Fire Zone 


Adina cordifolia Hook. f. 

10 

0.21 

8.53 

0.1 

- 

- 

- 

0.15 

5 

0.18 

7.57 

0.05 

- 

- 

- 

- 

Aegle marmelos (L.) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.16 

6.24 

0.05 

Anogeissus latifolia Wall ex Bedd. 

55 

1.79 

42.6 

0.06 

15 

0.74 

16.71 

- 

- 

- 

- 

- 

-- 

- 

- 

- 

Bombax ceiba Linn. 

35 

1.21 

24.2 

0.35 

- 

- 

- 

- 

5 

1.86 

21.41 

0.05 

- 

- 

- 

- 

Boswelia serrate Triana & Planch 

5 

0.85 

12.3 

0.05 

20 

2 

29.47 

0.2 

- 

- 

- 

- 

- 

- 

- 

- 

Bridelia retusa (L.) Spreng. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15 

1.18 

14.91 

0.15 

Cassia fistula Linn. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.21 

6.48 

0.05 

Chloroxylon swietenia D.C. 

- 

- 

- 

- 

10 

0.08 

9.02 

0.1 

- 

- 

- 

- 

- 

- 

- 

- 

Dalbargia sissoo Roxb. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.42 

7.59 

0.05 

Diospyros melanoxylon Roxb. 

20 

0.49 

17.7 

0.05 

35 

1.02 

40.12 

0.022 

65 

0.94 

47.17 

0.041 

- 

- 

- 

- 

Emblica officinalis Gaertn 

5 

0.07 

5.94 

0.05 

20 

0.3 

19.24 

0.05 

10 

0.19 

13.63 

0.03 

- 

- 

- 

- 

Grewia tiliaefolia Vahl. 

5 

0.07 

5.91 

0.05 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.07 

5.79 

0.05 

Garuga pinnata Roxb. 

- 

- 

- 

- 

10 

1 

16.87 

0.1 

-- 

- 

- 

- 

-- 

- 

- 

- 

Lagerstroemia parviflora Roxb. 

45 

1.77 

35.6 

0.11 

20 

0.56 

21.47 

0.05 

25 

0.84 

28.43 

0.03 

15 

0.49 

18.79 

0.02 

Lannea coromandelica (Houtt.) Merr. 

- 

- 

- 

- 

10 

0.73 

14.61 

0.1 

- 

- 

- 

- 

20 

0.67 

17.75 

0.05 

Ougeinia oojeinensis(Koxb. ) Hochr. 

60 

1.72 

43.5 

0.07 

20 

0.96 

24.86 

0.05 

15 

0.5 

17.91 

0.038 

20 

0.59 

21.04 

0.02 

Pterocarpus marsupium Roxb 

- 

- 

- 

- 

5 

0.54 

10.92 

0.05 

- 

- 

- 

- 

-- 

- 

- 

- 

Saccopetalum tomentosum (H F.) Thoms 

25 

0.58 

23.8 

0.03 

- 

- 

- 

- 

10 

0.35 

10.66 

0.1 

10 

0.13 

11.51 

0.03 

Schleichera oleosafLom.) Oken 

10 

0.83 

13.6 

0.1 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Semecarpus anacardium L. 

20 

0.38 

20.6 

0.02 

20 

0.82 

23.74 

0.05 

- 

- 

- 

- 

30 

0.39 

23.45 

0.03 

Shorea robusta Gaertn.f. 

30 

1.89 

32.1 

0.08 

15 

0.46 

14.31 

0.15 

120 

5.4 

107.14 

0.048 

15 

2.04 

23.02 

0.04 

Syzygium cumini (Linn.) Skeels. 

5 

0.3 

7.81 

0.05 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.17 

6.32 

0.05 

Tectona grandis Linn.f 

- 

- 

- 

- 

25 

2.11 

32.37 

0.25 

- 

- 

- 

- 

120 

11.6 

115.67 

0.08 

Terminalia chebula Retz. 

- 

- 

- 

- 

10 

0.09 

9.13 

0.1 

- 

- 

- 

- 

- 

- 

- 

- 

Terminalia tomentosa (Roxb.Wight&Am.) 

5 

0.04 

5.69 

0.05 

15 

0.29 

17.14 

0.04 

40 

1.83 

46.07 

0.025 

20 

1.39 

21.43 

0.05 

Total 

335 

12.2 

300 

1.22 

250 

12 

300 

1.46 

295 

12 

300 

0.4 

290 

20 

300 

0.71 


*F=Frequency (%), D = Density (ha 4 ), BA = Basal Area (m 2 ha 4 ), IVI=Importance Value Index, A/F=Abundance/Frequency, " = Species absent 


D 

BA IVI A/F D BA IVI 

A/F D BA 

IVI 

A/F D BA 

IVI 

A/F 


Tree diversity was highest in the high-frequency fire zone, 
whereas the concentration of dominance had an inverse relation¬ 
ship with diversity (Table 3). Equitability ranged from 0.22 to 
1.39 and beta diversity from 6.93 to 11.60. The diversity parame¬ 
ters of these forests were comparable with diversity indices re¬ 
ported for other tropical forests (Jha 1990). Seedling diversity 
ranged from 2.86 to 3.30, equitability from 1.06 to 1.25, species 
richness from 1.46 to 1.71, concentration of dominance from 
0.13 to 0.20 and beta diversity from 5.41 to 6.57. These results 
supported the findings of Naidu and Sribasuki (1994). Perhaps 
young plants are more severely affected by fires than mature 
plants. Shrub diversity ranged from 0.50 to 1.91, equitability 
from 0.73 to 1.37, species richness from 0.15 to 0.46, concentra¬ 
tion of dominance from 0.63 to 1.63 and beta diversity from 7 to 
14. In the low-frequency fire zones, a decline in species richness 
was recorded after fire. This was perhaps caused primarily by the 
elimination of some early species which are over topped and 
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shaded out by rapidly growing woody plants, especially re¬ 
sprouters (Miller 2000). The effect of declining species richness 
was also documented by Gill et al. (1999). 

Many changes after disturbance are directly related to changes 
in vegetation characteristics, these features may be allied on 
forest type, forest fire, local weather and other anthropogenic 
factors. Due to disturbances such as forests fire and logging, the 
species composition has been altered, the species predominantly 
found in the dry deciduous forests such as Cassia fistula, Ano- 
geissus latifolia and Xeromphis spinosa are now found in these 
vegetation types (Daniel et al. 2005; Hegde et al. 1998). The 
diversity parameters of herb layer showed that Shannon index in 
different fire zones varied from 2.21 to 2.57, equitability from 
1.02 to 1.24, species richness from 0.34 to 0.67, concentration of 
dominance from 0.21 to 0.31 and beta diversity from 7.27 to 
13.33. 
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Table 2: Species structure and composition of saplings and shrubs by fire-frequency 
sphere Reserve 

zone during the pre-fire 

season in Achanakmar- Amarkantak Bio- 





A. 

Sapling layer 











Species 


High Fire Zone 


Medium Fire Zone 


Low Fire Zone 



Non-Fire Zone 


D 

BA 

IVI 

A/F 

D 

BA 

IVI 

A/F 

D 

BA 

IVI 

A/F 

D 

BA 

IVI 

A/F 

Adina cordifolia Hook.f. 

5 

0.014 

10.15 

0.05 

- 

- 

- 

- 

25 

0.042 

31.05 

0.03 

- 

- 

- 

- 

Aegle marmelos (L.) 

- 

- 

-- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.033 

15.42 

0.05 

Anogeissus latifolia Wall ex Bedd. 

15 

0.04 

25.15 

0.04 

10 

0.022 

13.8 

0.1 

- 

- 

- 

- 

5 

0.033 

15.42 

0.05 

Boswellia serrate Triana & Planch 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.011 

8.44 

0.05 

-- 

- 

- 

- 

Butea monosperma (Lamk) Taub. 

25 

0.116 

39.83 

0.25 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Cassia fistula Linn. 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.019 

9.5 

0.05 

5 

0.031 

14.94 

0.05 

Ceasaria pinnata Roxb. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

-- 

5 

0.027 

14.02 

0.05 

Diospyros melanoxylon Roxb. 

30 

0.069 

43.49 

0.03 

65 

0.141 

77.31 

0.04 

40 

0.228 

63.31 

0.04 

55 

0.106 

76.92 

0.03 

Embelia robusta Roxb. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.016 

11.68 

0.05 

Emblica officinalis Gaertn 

10 

0.04 

13.07 

0.05 

10 

0.04 

17.07 

0.1 

- 

- 

- 

- 

- 

- 

- 

- 

Grewia tiliaefolia Vahl. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.029 

14.47 

0.05 

Kydiacalycina Roxb. 

5 

0.006 

8.58 

0.05 

- 

- 

- 

- 

- 

- 

- 

- 

-- 

- 

- 

- 

Lagerstroemia parviflora Roxb. 

40 

0.097 

54.23 

0.04 

60 

0.21 

92.52 

0.02 

35 

0.09 

46.77 

0.02 

30 

0.083 

51.7 

0.03 

Lannea coromandelica (Houtt.) Merr. 

15 

0.058 

28.36 

0.04 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Ougeinia oojeinensis (Roxb.) Hochr. 

5 

0.027 

12.43 

0.05 

5 

0.03 

12.97 

0.05 

- 

- 

-- 

-- 

- 

- 

- 

- 

Saccopetalum tomentosum (H F.) 

5 

0.006 

8.58 

0.05 

5 

0.01 

8.87 

0.05 

50 

0.129 

59.02 

0.03 

5 

0.019 

12.4 

0.05 

Schleichera oleosa (Lour.) Oken 

- 

- 

-- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5 

0.006 

9.51 

0.05 

Semecarpus anacardiumL. 

20 

0.055 

35.41 

0.02 

5 

0.01 

10.02 

0.05 

- 

- 

- 

- 

5 

0.013 

11.04 

0.05 

Shorea robustaGaertn.f. 

5 

0.014 

10.15 

0.05 

15 

0.05 

30.87 

0.02 

30 

0.178 

51.92 

0.03 

- 

- 

- 

- 

Syzygium cumini(Linn.) Skeels. 

- 

- 

- 

- 

- 

- 

- 

- 

25 

0.036 

30.136 

0.03 

- 

- 

- 

- 

Tectona grandis Linn.f 

- 

- 

-- 

- 

20 

0.04 

27.6 

0.05 

- 

- 

- 

- 

- 

0.073 

52.47 

0.04 

Terminalia chebula Retz. 

5 

0.016 

10.43 

0.05 

5 

0.01 

9.29 

0.05 

- 

- 

- 

-- 

- 

- 

- 

- 

Total 

185 

0.559 

300 

0.78 

200 

0.57 

300 

0.53 

215 

0.734 

300 

0.29 

130 

0.469 

300 

0.56 





B. 

Shrub 

layer 











Species 


High Fire Zone 


Medium Fire Zone 


Low Fire Zone 



Non-Fire Zone 


D 

BA 

IVI 

A/F 

D 

BA 

IVI 

A/F 

D 

BA 

IVI 

A/F 

D 

BA 

IVI 

A/F 

Bauhinia vahlii (Wight &Amott) 

Gardinia turgida Roxb. 

Holarrhena antidysenterica Wall. 

Lawsonia inermis L. 

Ventilago maderaspatana Tul. 

Woodfordia fruticosa(L.) Kurz 

Zizyphus xylopyra (Retz.) Willd. 

Total 

80 

160 

160 

800 

1200 

0.206 

1.184 

0.588 

12.434 

14.41 

33.1 

46.55 

42.42 

177.95 

300 

0.05 

0.1 

0.1 

0.5 

0.75 

80 

640 

720 

0.2 

2.549 

2.755 

38.58 

261.24 

300 

0.05 

0.03 

0.08 

160 

80 

240 

0.168 

0.163 

0.331 

167.52 

132.56 

300 

0.1 

0.05 

0.15 

80 

240 

320 

2.141 

1.01 

3.151 

142.97 

157.06 

300 

0.05 

0.15 

0.2 


*F=Frequency (%), D = Density (ha 4 ), BA = Basal Area (m 2 ha' 1 ), IVI=Importance Value Index, A/F=Abundance/Frequency, " = Species absent 


Wildfire and understorey recovery 

Density during the pre-fire season ranged from 7200 to 12200 
individuals-ha' 1 (Fig. 2). While after fire, the density was 5840 to 
10000 individuals-ha' 1 . The reduced density of seedlings after 
fire indicated that regeneration of seedlings was presumably 
affected by fire irrespective of previous fire frequency. Clark 
(1990) and Malamud et al. (1998) revealed that the area affected 
by fire depends on the size and configuration of a forest patch; in 


general, frequent fires favor small patch sizes. During the pre¬ 
fire season, the density of seedlings was maximum in the me¬ 
dium-frequency fire zone and minimum in the no-fire zone. Dur¬ 
ing the post-fire season, the low-frequency fire zone had the 
highest density of seedlings followed by the high-frequency, 
medium-frequency and no-fire zones, respectively. 

The comparative reduction in understorey regeneration in the 
no-fire zone was perhaps due to un-decomposed and partially 
decomposed litter present on the forest floor that might have 
inhibited regeneration. Molofsky and Augspurger (1992) stated 
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that regeneration in forests under litter is species specific, the consequence, set more seed (Otto et al. 2010). Therefore, mild 

smaller seeded, shade intolerant species had fewer seedlings disturbance is in accordance with the intermediate disturbance 

under leaf litter than on bare ground. In the post-fire season, hypothesis (Connell 1978). Mild fire enhances the productivity 

seedling density increased considerably in the low-frequency fire of ecosystems by releasing chemicals and nutrients locked up in 

zone. The increase in seedling density might have been due to the old herbage (Kodandapani 2001). 
the trees that were partially burnt by low-intensity fire and, in 


Table 3: Diversity by vegetation layer during post-fire season in Achanakmar- Amarkantak Biosphere Reserve. 




Shannon Index 

Concentration of domi- 

Species richness 

Equitability 

Beta Diversity 

Vegetation layers 

Fire zones 

(H') 

nance (Cd) 

(d) 

(e) 

(Bd) 


High fire 

3.43 

i 

2.41 

1.27 

1.66 

Tree layer 

Medium fire 

3.77 

0.08 

2.54 

1.39 

1.66 

Low fire 

1.97 

1 

2.78 

0.22 

2.77 


Non-fire 

3 

0.21 

2.29 

1.14 

1.78 


High fire 

3.26 

0.13 

2.31 

1.27 

1.69 


Medium fire 

2.62 

0.22 

1.7 

1.14 

2.2 

Sapling layer 

Low fire 

2.74 

0.16 

1.3 

1.32 

2.75 


Non-fire 

2.83 

0.2 

2.15 

2.94 

1.83 


High fire 

3.18 

0.14 

1.46 

1.21 

1.64 

Seedling layer 

Medium fire 

3.26 

0.14 

1.71 

1.15 

1.35 

Low fire 

2.86 

0.2 

1.51 

1.06 

1.53 


Non-fire 

3.3 

0.13 

1.46 

1.25 

1.64 


High fire 

2.44 

0.31 

0.67 

1.02 

1.81 

Herb layer 

Medium fire 

2.21 

0.26 

0.34 

1.24 

3.33 

Low fire 

2.35 

0.26 

0.47 

1.13 

2.5 


Non-fire 

2.57 

0.21 

0.48 

1.24 

2.5 


High fire 

1.91 

1 

0.46 

1.37 

1.75 

Shrub layer 

Medium fire 

0.5 

1 

0.15 

0.73 

3.5 

Low fire 

0.92 

1.63 

0.18 

1.32 

3.5 


Non-fire 

0.81 

0.63 

0.17 

1.17 

3.5 


4. In the high-frequency fire zone, seedling size class (A) and 
sapling size class (B) were represented by D. melanoxylon, D. 
sissoo, S. robusta and T. grandis. O. oojeinensis and A. latifolia 
were represented by intermediate size (B) or (C) classes. The 
younger and older trees were mostly Tectona grandis and Dal- 
bargia sissoo and they disappeared after forest fire. These spe¬ 
cies are referred to as infrequent reproducers (Knight 1975). 

In the low-frequency fire zone (Fig. 5) the seedling layer of all 
species was dominant, followed by saplings class (B) and small 
trees (C), exemplified by Lagerstroemia parviflora, Shorea ro¬ 
busta, Cassia fistula and Diospyros melanoxylon. Ougemia oo- 
jeinesis, Buchanania lanzan and Semecarpus anacardium had 
more saplings (B) and younger trees (C) in the low-frequency 
fire zones. The no-fire zone was represented more by (Fig. 6) 
seedlings (A) except Terminalia tomentosa. The size classes (C), 
(D) and (E) were represented by fewer older trees, illustrated by 
Saccopatalum tomentosum, Schleichaera oleosa, Diospyros me¬ 
lanoxylon, Embelia robusta and Lagerstroemia parviflora. The 
sapling size represented by class (B) to older size class (E) in¬ 
creased proportionally ( Shorea robusta and Terminalia tomen¬ 
tosa). 
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F ire zones 

Fig. 2: Seedling density by fire-frequency zone during pre-fire and post¬ 
fire seasons in Achanakmar-Amarkantak Biosphere Reserve. 

Post fire population structure 

Post-fire population structure data are presented in Fig. 3 and Fig. 
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Fig. 3: Population structures of major tree species during post-fire season in the high-frequency fire zone. A= Seedlings, B= Saplings, C= Trees (31.5-70.0 

cm GBH), D= Trees (70.1 -110.0 cm GBH), E= Trees (> 110 cm GBH) 
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Fig. 5: Population structures of major tree species during post-fire season in low-frequency fire zone. A= Seedlings, B= Saplings, C= Trees (31.5-70.0 cm 

GBH), D= Trees (70.1 -110.0 cm GBH), E= Trees (> 110 cm GBH) 
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Fig. 6: Population structures of major tree species during post-fire season in no-fire zone. A= Seedlings, B= Saplings, C= Trees (31.5-70.0 cm GBH), D= 

Trees (70.1-110.0 cm GBH), E= Trees (> 110 cm GBH) 
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The ratio of saplings (B) and small trees (C) to older tree size 
(classes D and E) increased gradually for Shorea robusta while 
for Lannea coramandelica class (C) to class (E) the ratio de¬ 
creased and this population is on the way to extinction if this 
tendency continues (Saxena and Singh 1984; Bargali et al. 1987, 
1989). Hence the younger species with short-duration repeated 
fires may stimulate the understorey annotation. Perhaps, it is 
important to note that the retrogressive succession (vegetation 
shift from taller trees with higher species richness to shorter 
woody communities of lower diversity) might lead to inferior 
forest condition. The hump in the middle size classes may indi¬ 
cate comparatively fast growth or less mortality in individuals 
once they successfully cross the sapling layer and attain the first 
tree size class (C), as exemplified by T. grandis, T. tomentosa 
and O. oojeinensis in the high-frequency fire zone and O. oojein- 
ensis in the medium-frequency fire zone, S. anacardium and O. 
oojeinensis in the low-frequency fire zone, and, in the no-fire 
zone by S. robusta. West et al. (1981) reported that this pattern 
indicates heavy exploitation of older individuals and greater 
mortality among young individuals due to repeated forest fires. 

Consequences of fuel load 

The major contributing components of fuel load include the duff 
litter and small woody components on the forest floor. The duff 
litter ranged from 1.77 to 2.62 Mg/ha, while small woody com¬ 
ponents ranged from 0.43 to 0.76 Mg/ha (Fig. 7). Lower fuel 
loads were recorded in high- and medium-frequency fire zones 
during the pre-fire season. Similarly, in post-fire season the fuel 
load was increased considerably. Little or no burning of fuel 
accompanied by addition of litter possibly contributed higher 
litter cover during the post-fire season. Both duff litter and small 
woody components were most dense in the no-fire zone, whereas 
they were low in the high- and low-frequency zones. Wanthong- 
chai et al. (2010) reported that pre-burning heaps of fine fuels 
increased with the length of the previous fire-free interval and 
this led to higher accumulation of fuel load. Total fuel load on 
the forest floor ranged from 2.2 to 3.38 Mg/ha. The fuel load 
during pre-fire season followed the order: No-fire > Medium-> 
High- >Low-frequency zone. 

The duff litter during post-fire season ranged from 0.26 to 3.25 
Mg/ha. The high- and medium-frequency zones had little duff 
litter. There was 0.392 Mg/ha and 0.37 Mg/ha of litter lost due to 
burning, decomposition and other process during pre- and post¬ 
fire seasons, respectively. Where as 0.11 Mg/ha and 0.83 Mg/ha 
of total load accumulated in the low-frequency and no-fire zones, 
respectively during post-fire season. The accumulated fuel load 
was comprised of senescent and dry leaves that were burned by 
low-intensity ground fires in medium- and low-frequency fire 
zones (visual observation). The zone unaffected by fire under¬ 
went further litter deposition and decomposition but usually the 
litter deposition was greater than decomposition due to the de¬ 
ciduous nature of the vegetation. The greater fuel accumulation 
in no-fire zones leads to greater fire frequency (Singh and Singh 
1992). Small woody components ranged from 0.96 to 1.88 


Mg/ha. Values were higher in high- and medium-frequency fire 
zones, and lower in the low-frequency fire zone. Total quantity 
of litter ranged from 1.8 to 4.21 Mg/ha. The total litter during 
post-fire season was in the order: no-fire > Low- > Medium- > 
High-frequency zone (Fig. 7). 



Fire zones 

Fig. 7: Total litter (Mg/ha) by fire-frequency zone in pre- and post-fire 
season in Achanakmar-Amarkantak Biosphere Reserve 

Management perspectives 

The moist deciduous forests of Chhattisgarh, India are ecologi¬ 
cally rich as compared to other tropical forests of the country in 
terms of structure, composition and diversity. However, due to 
the repeated effect of fire, stability was slowly decreasing. We 
suggest more ecological approach is warranted; one that would 
restore of moist deciduous forest. The approach can be through 
participatory forest management by forest department personnel 
and villagers. Fuel load management, including controlled fire, 
construction of fire lines and mapping of fire-prone areas, are 
fundamental principles of fire hazard reduction. An ecological 
approach to landscape management is needed and should be 
based on knowledge of natural vegetation structure and composi¬ 
tion. Litter collection by tribal communities for mulching their 
crops would help to reduce forest fuel loads. Furthermore, ecol¬ 
ogically driven management that would foster the restoration of 
vegetation is urgently needed for Achanakmar-Amarkantak bio¬ 
sphere reserve. Various combinations of precommercial and 
profitable thinning, mechanical fuel treatments and controlled 
burning could be used at a stand-level to reduce the fuel addition. 
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